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[57] ABSTRACT 
Disclosed are novel polyol blends comprising from 
about 20 percent to about 85 percent by weight of said 
blend of an amide diol, or mixture of amide diols se 
lected from the formula 

wherein R is an aliphatic radical having from 7 to 17 
carbon atoms, inclusive, each R1 is independently se 
lected from the group consisting of hydrogen or 

' methyl, x and y each independently have an average 
value from about 1 to about 3 inclusive; and from about 
15 percent to about 80 percent by weight of a primary 
hydroxyl polyol characterized by a molecular weight of 
from about 60 to about 1000. 

The polyol blends are miscible with ?uorocarbon blow 
ing agents and water and other adjuvants including 
trimerization catalysts. 
The novel blends are particularly useful in an improved 
process for the preparation of polyisocyanurate foams. 
The foams are characterized by high reaction exo 
therms making such foams particularly suited to the 
preparation of polyisocyanurate foam laminates. 

20 Claims, No Drawings 
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PROCESS FOR POLYISOCYANURATE FOAMS 
BASED ON AN AMIDE-DIOL BLEND 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of pending 
application Ser. No. 47,030 ?led June 11, 1979, now 
abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to cellular polymers and inter 

mediates therefor and is more particularly concerned 
with novel polyol blends and their use in a process for 
the preparation of cellular polyisocyanurates. 

2. Description of the Prior Art 
Cellular polyisocyanurate polymers are well known 

in the art for their use in various types of thermal insu 
lating applications. They are also well known for their 
ability to withstand heat and ?ame; see US. Pat. Nos. 
3,745,133, 3,986,991, and 4,003,859. Minor amounts of 
polyols are sometimes added to the foam forming ingre 
dients to modify the foam properties. When ?uorocar 
bon blowing agents are employed the problem of the 
incompatibility that may arise between the polyol, par 
ticularly primary hydroxyl polyols, and ?uorocarbon in 
resin premixes is generally solved by premixing most, if 
not all, the ?uorocarbon with the polyisocyanate; see 
the patents cited supra. 

Polyisocyanurate foams find particular utility in the 
production of laminated foam board stock material 
which can be prepared with a variety of different facer 
materials. Problems which can arise in the production 
of such laminate material include (1) lack of uniform 
foam core strength; (2) poor adhesion between foam 
core and facer material; (3) maintaining good ?re resis 
tance in the foam; and (4) keeping foam friability at low 
levels. These problems have been overcome in the art 
by employing minor amounts of low equivalent weight 
polyols, particularly diols, in the formulation, combined 
with the heating of the formed laminate product in an 
oven at 160° to 190° R; see U.S. Pat. No. 3,903,346. 
However, the low equivalent weight polyols em 

ployed, particularly the preferred diols (see column 4, 
lines 59~6l of US. Pat. No. 3,903,346) having only 
primary hydroxyl groups, cannot be blended before 
hand with the ?uorocarbon blowing agent in a “B” side 
component because of the low solubility of the diol 
?uorocarbon pair. This necessitates the blending of the 
?uorocarbon with the polyisocyanate in the “A” side 
component. Further, because of the ?uorocarbon diol 
immiscibility, the above patent teaches that a third com 
ponent “C" is required which contains the catalyst 
constituent dissolved in a low molecular weight glycol; 
see column 2, lines 32-33 and the examples of 3,903,346. 

Furthermore, a laminate prepared in accordance with 
the patent noted above must be heated in an oven to 
provide a product having uniform foam core strength. 

Surprisingly, it has been found that high levels of 
?uorocarbon blowing agent are completely miscible 
with low molecular weight polyols containing primary 
hydroxyl groups when novel blends comprising a cer 
tain type of amide diol with the primary hydroxyl poly 
ols are employed. Additional ingredients which can be 
present in the miscible blends are surfactants, catalysts 
and ‘the like. 

5 

45 

55 

60 

65 

2 
Further, it has been found that the same type of misci 

ble primary hydroxyl containing blends as described 
above, except that water replaces the ?uorocarbon 
component, can be obtained. 

Furthermore, it has been discovered that the novel 
polyol blends above can be employed in minor amounts 
as a B type component to prepare polyisocyanurate 
foams characterized by low friability, fine cell structure, 
good dimensional stability, and low ?ame spread, via a 
two-component, i.e., an A, and a B side, process. The 
?uorocarbon and water components act as the blowing 
agents in their respective foam forming formulations. 

Further, the amide diol referred to above can be 
employed as the sole diol ingredient in combination 
with the blowing agent, catalyst, surfactant, and other 
adjuvants to provide polyisocyanurate foams in accor 
dance with the present invention. 

Quite unexpectedly, the presence of the amide diol in 
the B side gives rise to excellent reactant compatibility 
between the polyisocyanate and the other ingredients. 
This gives rise in turn to faster reactivity compared to 
prior art foams and very good reaction exotherm. The 
high exotherm is of particular advantage when foam 
laminates are being prepared because it will result in 
excellent adhesion between foam and facer material 
thereby eliminating the need of heating the formed 
laminate in an oven. 

SUMMARY OF THE INVENTION 

This invention comprises polyol blends comprising 
from about 20 percent to about 85 percent by weight of 
said blend of an amide diol, or mixture of amide diols 
selected from the formula 

| 
O mono->711 

|| 

wherein R is an aliphatic radical having from 7 to 17 
carbon atoms, inclusive, each R1 is independently se 
lected from the group consisting of hydrogen and 
methyl, x and y each independently have an average 
value from about 1 to about 3 inclusive; and from about 
15 percent to about 80 percent by weight of a primary 
hydroxyl polyol (II) characterized by a molecular 
weight of from about 60 to about 1000. 

This invention also comprises miscible blends arising 
from the above polyol blends in combination with a 
?uorocarbon or water blowing agent. 

This invention also comprises miscible blends arising 
from the above polyol blends in combination with a 
?uorocarbon or water blowing agent and an isocyanate 
trimerization catalyst. 
The invention also comprises a process for the prepa 

ration of polyisocyanurate cellular polymers which 
utilizes, as a blended component, the diol (I) above in 
combination with a ?uorocarbon or water blowing 
agent and a trimerization catalyst, and, preferably, the 
blended component additionally containing the polyol 
(II), in the reaction with an organic polyisocyanate. 
The invention also comprises the cellular polymers 

produced in accordance with the above process. 
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The term “aliphatic radical” means alkyl and alkenyl 
having from 7 to 17 carbon atoms inclusive. Representa 
tive of alkyl are heptyl, octyl, decyl, dodecyl, tetra 
decyl, hexadecyl, heptadecyl, and isomeric forms 
thereof. Representative of alkenyl are heptenyl, octe 
nyl, decenyl, dodecenyl, tetradecenyl, hexadecenyl, 
heptadecenyl, and isomeric forms thereof. 
The polyol blends in accordance with the present 

invention can be used as the polyol ingredients in the 
preparation of polyurethane foams. Polyurethane foams 
are well known in the art for their use in a wide variety 
of applications including thermal and sound insulation 
for both industrial and residental buildings. 
The polyol blends ?nd particular utility, as set forth 

herein, as minor constituents in the preparation of 
polyisocyanurate foams particularly those 
polyisocyanurate foams prepared in foam laminate ma 
chinery and by spray foam equipment. Such foams are 
well known for their heat and ?re resistance and are 
used in making laminate boards and foam bun stock 
which are both used in building construction for ther 
mal and sound insulation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The polyol blends in accordance with the present 
invention are prepared simply by mixing together, in 
the proportions by weight set forth above, the amide 
diol (I) and primary hydroxyl polyol (II) de?ned above, 
in any suitable mixing vessel, holding tank, storage 
vessel, or the like. Preferably, the amide diol (I) is em 
ployed within a range of from about 25 percent to about 
60 percent by weight of the blend while the primary 
hydroxyl polyol is employed within a range of from 
about 40 percent to about 75 percent by weight. 
A preferred amide diol has the formula correspond 

ing to (I) wherein both R1 groups are hydrogen and x 
and y each independently have an average value from 
about 1 to about 3, inclusive. 
The amide diols (I) are prepared using standard reac 

tions known to those skilled in the art. Typically, they 
can be prepared by reacting the appropriate dialkanola 
mine with the appropriate fatty acid, fatty acid ester, or 
fatty acid chloride according to the following equation 

——91 + HR; acoa; + HN 

wherein R, R}, x, and y have the same de?nition as 
above and R2 represents -—OH, —OR3, and X wherein 
R3 represents any typical esterifying group such as 
lower alkyl, aryl, cycloalkyl, and the like, and X is 
halogen preferably chlorine or bromine. In the event 
that diethanolamine or diisopropanolamine or a mixture 
thereof is the starting dialkanolamine, and it is desired to 
obtain amide diols in which the values of x and y are 
greater than 1, then the intermediate dialkanolamide is 
simply reacted in a one molar proportion with from 
about 1 to about 4 moles of ethylene oxide or propylene 
oxide, or mixtures thereof. See Bulletin 1295, entitled 
Varamide Alkanolamides, Ashland Chemical Com 
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4 
pany, Division of Ashland Oil, Inc., Box 2219, Colum 
bus, Ohio 43216 for a detailed teaching of the prepara 
tion of fatty acid dialkanolamides. 

Preferably, the amide diols (I) are prepared by con 
verting the fatty acids to the corresponding fatty acid 
amides (RCONHZ) and reacting the amide with from 
about 1 to about 6 moles, per mole of amide, of ethylene 
oxide or propylene oxide, or mixtures thereof. 

Illustrative of the starting fatty acids (from which the 
corresponding esters, acid halides, and amides are also 
derived) are caprylic, capric, lauric, myristic, palmitic, 
stearic, and isomeric forms thereof. Illustrative of the 
unsaturated fatty acids are decylenic, dodecylenic, pal~ 
mitoleic, oleic, linoleic, and isomeric forms thereof. 
Further illustrative of saidfatty acids are mixtures, for 
example, the fatty acid mixture derived from coconut 
oil which consists of the following mixture in approxi 
mate percent proportions by weight: 8.0% caprylic, 
7.0% capric, 48.0% lauric, 17.5% myristic, 8.2% palmi 
tic, 2.0% stearic, 6.0% oleic, and 2.5% linoleic; the fatty 
acid mixture from soybean oil: 6.5% palmitic, 4.2% 
stearic, 33.6% oleic, 52.6% linoleic, and 2.3% linolenic; 
and the fatty acid mixture from tallow: 2% myristic, 
32.5% palmitic, 14.5% stearic, 48.3% oleic, and 2.7% 
linoleic. Further illustrative of the starting fatty acids 
are the halogenated fatty acids, particularly the chlori 
nated and brominated fatty acids, which, illustratively, 
can be made by the chlorination or bromination of the 
coconut, soybean, and tallow fatty acid mixtures de 
scribed above. 
A particularly preferred group of starting fatty acids 

and fatty acid amide intermediates consists of the coco 
nut, soybean, and tallow oil mixtures described above 
and the corresponding cocoamide, soyamide, and tal 
low amide mixtures. Preferred members of this group 
are the coconut oil mixture and its cocoamide mixture 
derivative. 
A preferred group of amide diols (I) are the cocoa 

mide diol, soyamide diol, and tallow amide derived diol 
mixtures wherein each R1 is H and both x and y have a 
value of about 3. A preferred species within this group 
of amide diols is the cocoamide diol mixture above and 
identi?ed by the chemical name of N,N-bis(8-hydroxy 
3,6-dioxaoctyl)cocoamide mixture. 
The primary hydroxyl polyol (II) can be any primary 

hydroxyl polyol having a molecular weight of from 
about 60 to about 1000, preferably from about 60 to 
about 800, and most preferably from about 60 to about 
600. Included in the polyols (II) are diols, triols, and 
tetrols. The preferred polyols are diols. 

Included in the class of primary hydroxyl containing 
polyols are the various primary hydroxyl containing 
diols, triols, and tetrols disclosed in US Pat. No. 
3,745,133 which meet the molecular weight limitations 
set forth above and whose disclosure with respect to 
said polyols is incorporated by reference herein. The 
preferred classes are the polyester polyols prepared 
from dibasic carboxylic acids and polyhydric alcohols 
including those based on chlorendic anhydride, alkyl 
ene diols, alkoxyalkylene diols, polyalkylene ester diols, 
polyoxyalkylene ester diols, hydroxyalkylated aliphatic 
monoamines or diamines, the resole polyols (see Prep. 
Methods of Polymer Chem. by W. R. Sorenson et al., 
1961, page 293, Interscience Publishers, New York, 
N.Y.), and polybutadiene resins having primary hy 
droxyl groups, (see, Poly Bd Liquid Resins, Product 
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Bulletin BD-3, October 1974, Arco Chemical Com 
pany, Div. of Atlantic Rich?eld, New York, N.Y.). 
The most preferred classes are the alkylene‘v diols, 

lower alkoxyalkylene diols, polyalkylene ester diols, 
and polyoxyalkylene ester diols. ' 

Illustrative, but not limiting, of the preferredclasses 
of polyols in accordance with the present invention are 
ethylene glycol, l,3-propanediol, 1,4-butanediol, glyc 
erine, trimethylolpropane, pentaerythritol; diethylene 
glycol; the polyoxyethylene glycols prepared by the 
addition of ethylene oxide to water, ethylene glycol, or 
diethylene glycol, etc., which provide triethylene gly 
col, tetraethylene glycol, and higher glycols, or mix 
tures thereof such that the molecular weight falls within 
the range set forth above; ethoxylated glycerine, ethox 
ylated trimethylolpropane, ethoxylated pentaerythritol, 
and the like; bis(B-hydroxyethyl)terephthalate, bis(B 
hydroxyethyl)phthalate, and the like; polyethylene suc 
cinate polyethylene glutarate, polyethylene adipate, 
polybutylene succinate, polybutylene glutarate, polybu 
tylene adipate, copolyethylenebutylene succinate, 
copolyethylenebutylene glutarate, copolyethylenebuty 
lene adipate, and the like hydroxy terminated polyes 
ters; polyoxydiethylene succinate,v polyoxydiethylene 
glutarate, polyoxydiethylene adipate, polyoxydiethy 
lene adipate glutarate, and the like hydroxy terminated 
polyesters; diethanolamine, triethanolamine, N,N’ 
bis(B-hydroxyethyl)aniline, and the like. 
The most preferred diols are diethylene glycol, and 

the polyoxydiethylene adipate glutarate polyester diols 
having a molecular weight from about 400 to about 600. 

Particularly preferred are blends of from about 30 
percent to about 50 percent by weight of diethylene 
glycol with from about 50 percent to about 70 percent 
by weight of a polyoxydiethylene adipate glutarate 
polyester diol having a molecular weight from about 
400 to about 600. 

In the preferred polyol blends in accordance with the 
present invention a ?uorocarbon or water blowing 
agent is also present in the blend with the ?uorocarbon 
being the preferred blowing agent. 
When the blowing agent is a ?uorocarbon the unex 

pected and advantageous features of the polyol blends 
of (I) and (II) can be realized fully. Accordingly, there 
can be obtained miscible polyol blends comprising at 
least about 20 percent by weight of a ?uorocarbon 
blowing agent and the balance being a polyol blend of 
(I) and (II) within the proportions set forth above. 

Surprisingly, there are obtained miscible polyol 
blends comprising from at least about 20 percent by 
weight to at least about 60 percent by weight of a ?uo 
rocarbon blowing agent, the corresponding 80 percent 
to about 40 percent by weight being the polyol blend of 
(I) and (II). The particular percentage of ?uorocarbon 
to be dissolved in the blend will govern the proportions 
of (I) and (II) to be employed in any given instance and 
these proportions, falling within the range set forth 
above, can be easily determined by one skilled in the art 
by trial and error methods. 
Even more surprising ‘is the fact that miscible polyol 

blends comprising greater than 60 percent by weight of 
?uorocarbon can be readily obtained with the blends of 
(I) and (II) within the proportions set forth above in 
accordance with the present invention. Generally 
speaking, the lower the molecular weight of the pri 
mary hydroxyl polyol (II) the greater is the amount of 
?uorocarbon which can be dissolved in the blend at a 
given proportion of polyol (II) as opposed to a blend 

25 

30 

40 

45 

65 

6 
with a polyol (II) of higher molecular weight at the 
same proportion. In this connection, the alkylene diols, 
and lower alkoxyalkylene diols having molecular 
weights of less than 400 are preferred polyols of formula 
(II) with the latter lower alkoxyalkylene diols being 
most preferred. 
The particular proportions of polyol (I) to polyol (II) 

to be employed in any particular polyol blend to obtain 
maximum miscibility with ?uorocarbon can be deter 
mined by a process of trial and error. 
When water is the blowing agent it is present in the 

proportion of from about 1 percent to about 6 percent, 
preferably from about 2 to about 5 percent by weight 
with the balance of 94 percent to 99 percent and prefer 
ably 95 to 98 percent comprising (I), and (II). 
The ?uorocarbon blowing agent can be any of the 

?uorocarbons known to those skilled in the art and 
which can be used for blowing polymer mixtures into 
cellular polymers. Generally speaking, such blowing 
agents are halogenated aliphatic hydrocarbons which 
are also substituted by chlorine and/or bromine in addi 
tion to the ?uorine content and are well known to those 
skilled in the art; see US. Pat. No. 3,745,133, column ll, 
lines 25 to 38 which disclosure relating to ?uorocarbon 
blowing agents is incorporated by reference herein. 

In a preferred embodiment of a polyol blend in accor 
dance with the present invention which ?nds particular 
utility in the preparation of polyisocyanurate foams, 
there is additionally present in the blend of blowing 
agent and components (I) and (II), an isocyanate trimer 
ization catalyst. The isocyanate trimerization catalyst 
component will be discussed in detail below. The isocy 
anate trimerization catalyst is advantageously present in 
the proportions of from about 2 to about 20, preferably 
from about 2 to about 15 weight percent with the bal 
ance of about 80 to about 98, preferably about 85 to 98 
percent comprising the blend of (I), (II), and blowing 
agent set forth above. 

Surprisingly, the blowing agent and the polyol blend 
which includes the primary hydroxyl containing poly 
ols are completely miscible in each other with no sepa 
ration occurring upon storage, which miscibility is due 
to “the presence of the amide diol (I). Aside from the 
advantages arising from having a stable, miscible blend 
of primary hydroxyl polyol andt?uorocarbon or water, 
the bene?cial effects of having the amide diol present as 
a minor constituent when preparing polyisocyanurate 
foams have been noted above. 
Other optional additives can be added to the polyol 

blends without detracting from the miscibility and sta 
bility of the blends. Such additives include other op 
tional polyol components such as secondary hydroxyl 
containing polyols, dispersing agents, cell stabilizers, 
surfactants, ?ame retardants, and the like which are 
commonly employed in the process “of the invention. 

In the preparation of polyisocyanurate foams in ac 
cordance with the present invention, the amide diol (I) 
described above can be employed as the sole polyol 
component in admixture with a ?uorocarbon or water 
blowing agent and a trimerization catalyst to form a B 
side component for reaction with an A side comprised 
of an organic polyisocyanate. 
The percent by weight proportions of the blend in 

gredients are the same as those set forth above for the 
proportion of catalyst to be blended with blowing agent 
and polyol component. That is to say the B blend is 
comprised of from about 2 to about 20, preferably about 
2 to about 15 percent by weight of a trimerization cata 
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lyst and from about 80 to about 98, preferably about 85 
to 98 percent by weight of amide diol (I) and blowing 
agent. In the event that a ?uorocarbon blowing agent is 
employed it is present in the proportion of about 20 to 
about 80, preferably from about 20 to about 50 percent 
by weight in respect of the amide diol (I), which, ac 
cordingly, is present in the proportion of from about 20 
to about 80, preferably from about 50 to about 80 per 
cent by weight. 

In the event that water is employed as the blowing 
agent it is present in the proportion of from about 1 to 
about 6, preferably from about 2 to about 5 percent by 
weight in respect of the amide diol (I), which, accord 
ingly, is present from about 94 to about 99, preferably, 
95 to 98 percent by weight. 
The B side blend is advantageously employed in an 

amount falling within the range of from about 10 parts 
to about 120 parts, preferably from about 10 to about 80 
parts, most preferably from about 20 parts to about 60 
parts by weight per equivalent of polyisocyanate; pro 
vided the total hydroxyl equivalents present in said 
blend (B) are within a range of from about 0.05 to about 
0.5 equivalent, preferably about 0.08 to about 0.4 equiv 
alent, per equivalent of said polyisocyanate. 

Preferably, there is also present in the B side blend a 
minor amount of the primary hydroxyl polyol (II) de 
scribed above. This combination in the blend not only 
gives rise to the stabilized miscible blends discussed 
above, but, additionally provides polyisocyanurate 
foams having the optimum advantageous properties 
discussed above, including the preparation of foam 
laminates which require no oven heating in order to 
achieve maximum foam strength and adhesion to the 
laminate facers. 
The blend containing the amide diol (I), primary 

hydroxyl polyol (II), blowing agent, and trimerization 
catalyst is also employed in an amount falling within the 
same range of parts per isocyanate equivalent set forth 
above for the B blend containing only the amide diol (I); 
and with the same proviso set forth above for the range 
of total hydroxyl equivalents per equivalent of isocya 
nate. The proportions of each ingredient in the blend in 
percent by weight of the blend are the same proportions 
set forth in the description of the polyol blends. The 
amide diol (I), primary hydroxyl polyol (II) and blow 
ing agent, all have the same signi?cance and scope set 
forth above. 
The trimerization catalyst employed can be any cata. 

lyst known to those skilled in the art which will catalyze 
the trimerization of an organic isocyanate compound to 
form the isocyanurate moiety. Further, a combination 
of urethane forming catalyst and trimerization catalyst 
can be employed if desired. 
For typical isocyanate trimerization catalysts see The 

Journal of Cellular Plastics, November/ December 
1975, page 329; U.S. Pat. Nos. 3,745,133, 3,896,052, 
3,899,443, 3,903,018, 3,954,684, and 4,101,465, the dis 
closures of these references being hereby incorporated 
by reference herein. 

Preferred as catalysts are the ones disclosed in U.S. 
Pat. Nos. 3,896,052, and 4,101,465. The former refer 
ence discloses the catalyst combination of (a) an alkali 
metal salt of an N-substituted amide with (b) an alkali 
metal salt of an N-(Z-hydroxyphenyl)methyl glycine 
and optionally (c) a tertiary amine trimerization cata 
lyst. The latter reference discloses the combination of 
the same (a) and (b) components above with a hydrox 
yalkyltrialkylammonium carboxylate salt component. 
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The organic polyisocyanates which can be employed 

in the preparation of the polyisocyanurate foams in 
accordance with the present invention can be any of the 
organic polyisocyanates conventionally employed in 
the art for this purpose previously. Advantageously, 
and in order to obtain foams having exceptionally high 
heat resistance and structural strength, the preferred 
polyisocyanates are the polymethylene polyphenyl 
polyisocyanates, particularly those set forth in U.S. Pat. 
No. 3,745,133 whose disclosure with respect to said 
isocyanates is incorporated by reference herein. Also 
preferred are the polymethylene polyphenyl polyisocy 
anates treated with a minor amount of an epoxy com 
pound to reduce acidic impurities in accordance with 
U.S. Pat. No. 3,793,362; and the polymethylene poly 
phenyl polyisocyanates which contain high levels of the 
2,4’-isomer as typically disclosed in U.S. Pat. No. 
3,362,979. 
A most preferred organic polyisocyanate is a mixture 

containing from about 30 percent to about 85 percent by 
weight of methylenebis (phenylisocyanate) and the re 
mainder of said mixture comprises polymethylene poly 
phenyl polyisocyanates of functionality higher than 2.0. 

In carrying out the preparation of polyisocyanurate 
foams in accordance with the process of the invention, 
and, in particular, polyisocyanurate foams for the prep 
aration of foam laminates, the procedures and equip 
ment conventional in the art are employed (see patents 
cited supra); for a detailed teaching of the mode of 
preparation, and utility of, polyisocyanurate foam lami 
nates see U.S. Pat. No. 3,896,052 whose disclosure rela 
tive thereto is incorporated by reference herein. 
The following examples describe the manner and 

process of making and using the invention and set forth 
the best mode contemplated by the inventors of carry 
ing out the invention but are not to be construed as 
limiting. 

EXAMPLE 1 

The following polyisocyanurate foam A was pre 
pared in accordance with the present invention. It was 
prepared as a hand-mix sample by blending together the 
A and the B side ingredients (in parts by weight) set 
forth in Table I below, in a 1 quart cup. The polyisocya 
nate ingredient was the sole component of the A side 
while the B side ingredients which are listed in Table I 
were premixed and observed prior to being reacted 
with the polyisocyanate. The blending operation was 
carried out by thoroughly mixing the A and B sides in 
the cup using a high speed drill press motor equipped 
with a stirrer blade. The mixture was rapidly poured 
into a cardboard box and allowed to rise freely and cure 
at room temperature (circa 20'’ C.). 
The B side was clear without evidence of turbidity in 

spite of the combination of the ?uorocarbon with the 
primary hydroxyls of the amide diol. 
The foam produced was characterized by a very fine 

cell structure with no surface friability and with a good 
surface blush. The surface blush in respect of a rising 
foam sample is the point when the shiny and moist 
unreacted surface of the rising foam becomes dulled or 
blushed and indicates that an efficient curing or reaction 
has occurred at the surface. 
The foam exotherm was good and the rapid rise pro 

?le indicated the fast reactivity of the foam. 
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TABLE I TABLE II-continued 
Foam ' A Foam ' a c D 

lngredients (pts. by wt.) _ Fluorocarbon R-llB — — 21.5 
A side: 5 B side: I 
Polyisocyanate l1 135 Polyester diol2 — 9 ~ 
B side: Diethylene glycol 8 6.3 ' 8.3 
Varamide @ 6-CM2 49 Varamide ® 6-CM3 8 6.7 — 
DC-l933 1.5 1,54204 1.25 - 1.25 
Fluorocarbon R-llB 23 D6493 _ 2 - 

Catalyst 14 3 1O Fluorocarbon R-l 1B 25 22 - 
NCO/OH index 4-5 Catalyst I 45 5 . 
B side appearance clear Catalyst 115 _ _ 3.0 

I _ no?-lul'bid NCO/OH index about 4 about 4 about 4.6 
Foam "58 "me (5805-) B side appearance clear clear 
Cream 3 non-turbid non-turbid --~ 

081 42 Foam rise time (secs) 
Tack free 52 ‘5 Cream l6 I6 75 
RM 0 — Gel 40 as 104 

Exothermt F.) 328 Tack free 45 40 116 
Surface friability none Rise 54 4g _ 

Surface‘ blysh Yes _ Exotherm (°F.) 344 351 341 
Core frtabrltty moderately friable Firm me rapid rapid _ 
Appearance Very ?ne cc" 20 Surface friability none none — 

Footnotes to Table 1 Surface blush yes Yes — 
lPolyisocyanate l is a polymethylenc polyphenyl polyisocyanate containing about Core density (pct) 1.55 2.06 1.76 
45 percent by weight of mcthylenebis(phenyl isocyanate) and the remainder of said Core friabimy (%)6 385 321) 3] 
mixture consisting of polymethylenc polyphenyl pnlyisocyanates having a function- 300: F Dry Age 
ality greater than 2, the isocyanate equivalent = I35. ' ' 
3Varam|de® 6-CM is the cocoamidc adduct obtained by the reaction ofa 6 molar 25 A Volume %/24 hrs’ +7'4 +5'o +4‘6 
proportion of ethylene oxide with a 1 molar proportion ofcocoamide; amine eq. wt. 
-— 290: OH eq. wt. = 193: supplied by Chemical Products Div.. Ashland Chemical 
Co.. Columbus, Ohio; and otherwise identi?ed by the chemical name of N.N-bis(8 
hydroxy-3.b~dioxaoctyllcocoamide mixture. 
‘DC-I93 is a silicone surfactant supplied by Dow Corning. Midland. Mich.; see 
Bulletin 05-136, Feb.. 1966. 
"Catalyst l comprises a combination in the following proportions of: (A.) 1 part of 30 
a solution comprised of 50 percent by weight of sodium N~(2-hydroxy-5-nonyl 
phenyl)methyl-N-methyl glycinate in diethylene glycol: (8.) 0.50 part of potassium 
acetate; (C.) 0.30 part of water; and (D.) 0.50 part of Varonic ® K-2l5 which is the 
cocoamine adduct obtained by the reaction of a 15 molar proportion of ethylene 
oxide with cocoaminc; amine eq. wt. = about 885; hydroxyl eq. wt. = about 442; 
supplied by Chemical Products DivI, Ashland Chemical Co.. Columbus. Ohio. 

EXAMPLE 2 

The following polyisocyanurate Foams B, C, and D 
were prepared in accordance with the procedure and 
apparatus described in Example 1 and using the ingredi 
ents set forth below in Table II. Foams B and C are in 
accordance with the present invention while Foam D is 
not. 

The B side components in the case of Foams B and C 
were clear with no evidence of turbidity in spite of the 
mixture of the ?uorocarbon with the primary hydroxyl 
containing components in both blends. 
The A side of Foam D contained the ?uorocarbon 

blowing agent in accordance with the prior art. When 
the same amount of the fluorocarbon was mixed into the 
B side to test miscibility the ?uorocarbon separated 
from the other ingredients, namely, diethylene glycol, 
surfactant, and catalyst. 
A comparison of the foam rise times between Foams 

B and C on the one hand with Foam D on the other, 
clearly shows a much faster rate for the foams in accor 
dance with the invention (B and C) over the prior art 
(D). The dramatic rate increase clearly indicates the 
increased compatibility between the A and B sides 
which leads to better reaction between the two hence 
the faster rise times over the formulations of the prior 
art. 

TABLE II 
Foam B C D 

Ingredients (pts. by wt.) 
A side: 
Polyisocyanate l -— 135 —— 

Polyisocyanatc 11' 100 _ 100 

35 

40 

45 

50 

55 

60 

65 

Footnotes to Table II 
lPolyisocyanate H is a polymethylene polyphenyl polyisocyanate containing about 
45 percent by weight of methylenebis(phenyl isocyanatc) and the remainder of said 
mixture consisting of polymethylene polyphenyl polyisocyanate having a function 
ality greater than 2; the isocyanate eq. = 133. 
2Polyester diol: a polyoxydiethylene adipate glutarate polyester diol of MW = 500, 
and OH # = 2ll.5. 
3Varamide® 6-CM is the same cocoamide identi?ed in Footnote 2, Table l. 
4L-5420: A rigid foam silicone surfactant having a hydroxyl number of about 119 
supplied by Union Carbide Corp., Tarrytown, N.Y., 1059i; see Union Carbide 
Bulletin B43565, December, 1971. - 
SCatalyst ll comprises a combination in the following proportions of (A.) 1 part of 
a solution comprised of (a) 45 percent by weight of potassium N-phenyl—2-ethylhexa~ 
mide, (b) 27 percent ethylene glycol, and (c) 28 percent dimethylformamide; (B.) 3 
parts of a solution comprised of 50 percent by weight of sodium N-(Z-hydroxy-S 
nonylphenyl)methyl-N-methyl glycinate in diethylene glycol; and (C.) 1 part of a 
solution comprised of 50 percent by weight of 2-hydroxypropyltrimethylammonium 
formate and 50 percent dipropylene glycol; and (D.) l part ofa polyethyleneglycol 
(MW : 200). 
6Friability: Percent weight loss of samples determined in accordance with ASTM 
Test Method 0421 over a 10 minute period. 

EXAMPLE 3 

V. A series of blends of ?uorocarbon R-l 1B (mon?uoro 
trichloromethane) with three typical primary hydroxyl 
polyols of the present invention were prepared. The 
proportions by weight employed, including the amount 
of cocoamide diol when present, varied according to 
the values set forth in Table III below. The blends were 
observed for their miscibility and clearness or their 
turbidity and separation of the ?uorocarbon from solu 
tion. 

Blends A through D contained diethylene glycol and, 
in the absence of any amide diol, the maximum ?uoro 
carbon solubility did not reach 20 percent by weight. 
The addition of 10 percent amide diol (blend B) was not 
sufficient to impart ?uorocarbon solubility at the 20 
percent level. It was not until at least 15 percent of 
amide diol (blend C) did the blend remain clear at 20 
percent ?uorocarbon, and, obviously, was clear at the 
80/20 blend level (blend D). 

Blends E through G contained ethylene glycol and at 
least 20 percent of amide diol was required to maintain 
a 20 percent ?uorocarbon solubility. 

Blends G through L were prepared from a polyester 
diol and it was observed that while 20 percent ?uoro 
carbon solubility was possible with the pure diol that 25 
percent was not. When the amide diol level was 20 
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percent (blends J through L) the highest ?uorocarbon 
level attainable was about 31 percent 

Blends M through 0 were observed to have maxi 

mum ?uorocarbon levels of greater than 90 percent and 

up to 60 percent by weight for diethylene glycol and the 

12 
polyester diol respectively when'a maximum of 85 per 
cent by weight of amide diol was employed. 

Blends P through S were observed to have maximum 
?uorocarbon solubilities of 55 percent and 45 percent 

5 respectively for diethylene glycol and polyester diol 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

when the primary alcohol-amide diol blends were 50/50 
percent by weight. 





15 
We claim: 
1. A polyol blend comprising (i) from about 20 per 

cent by weight to about 85 percent by weight of said 
blend of an amide diol, or mixture of amide diols having 
the formula 

R1 

0 (CHZCHQFH 

R-i'I-N 
(Cl-lgCHOWl-l 

1%. 
wherein R is an aliphatic radical having from 7 to 17 
carbon atoms, inclusive, each R1 is independently se 
lected from the group consisting of hydrogen and 
methyl, x and y each independently have an average 
value between about 1 and about 3 inclusive; and (ii) 
from about 15 percent to about 80 percent by weight of 
a primary hydroxyl polyol characterized by a molecular 
weight of from about 60 to about 1000. 

2. A miscible polyol blend comprising at least about 
20 percent by weight of a fluorocarbon blowing agent 
and the balance being a polyol blend set forth in claim 
1. 

3. A polyol blend comprising from about 1 percent to 
about 6 percent by weight of water and from about 94 
percent to about 99 percent by weight of the polyol 
blend set forth in claim 1. 

4. A polyol blend comprising (i) from about 20 per 
cent to about 85 percent by weight of said blend of an 
amide diol, or mixture of amide diols selected from the 
formula 

0 )CHQClhO'br'H ll 
R-C-N 

( HzCHzO-hr-H 

wherein R is an aliphatic radical having from 7 to 17 
carbon atoms, inclusive, and x and y each independently 
have an average value between about 1 and about 3 
inclusive; and (ii) from about 15 percent to about 80 
percent by weight of a primary hydroxyl polyol having 
a molecular weight of from about 60 to about 1000. 

5. A miscible polyol blend comprising at least about 
20 percent by weight of a ?uorocarbon blowing agent 
and the balance being a polyol blend set forth in claim 
4. 

6. A polyol blend according to claim 4 wherein the 
primary hydroxyl polyol (ii) is a diol and has a molecu 
lar weight of from about 60 to about 800. 

7. A polyol blend comprising (i) from about 20 per 
cent to about 85 percent by weight of said blend of an 
N,N-bis(8-hydroxy-3,6-dioxaoctyl) cocoamide mixture; 
and (ii) from about 15 percemnt to about 80 percent by 
weight of a primary hydroxyl diol having a molecular 
weight of from about 60 to about 800. 

8. A polyol blend according to claim 7 wherein the 
primary hydroxyl diol (ii) is diethylene glycol. 

9. A polyol blend according to claim 7 wherein the 
primary hydroxyl diol (ii) is a polyoxydiethylene adi 
pate glutarate polyester diol having a molecular weight 
from about 400 to about 600. 

10. A polyol blend according to claim 7 wherein the 
primary hydroxyl diol (ii) comprises a mixture of from 
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16 
about 30 percent to about 50 percent by weight of clieth' 
ylene glycol and from about 50 percent to about 70 
percent by weight of a polyoxydiethylene adipate gluta 
rate polyester diol having a molecular weight from 
about 400 to about 600. 

11. A miscible polyol blend comprising at least about 
20 percent by weight of a fluorocarbon blowing agent 
and the balance being a polyol blend set forth in any one 
of claims 7, 8, 9, or 10. 

12. A polyol blend comprising from about 2 to about 
20 percent by weight of an isocyanate trimerization 
catalyst and from about 80 to about 98 percent by 
weight of the polyol blend according to claim 2 or 3. 

13. In a process for the preparation of a cellular poly 
mer in which the major recurring polymer unit is an 
isocyanurate moiety said process comprising the trimer 
ization of an organic polyisocyanate in the presence of 
a minor amount of a polyolra blowing agent, and a 
trimerization catalyst, the improvement which com 
prises preparing said cellular polymer by bringing to 
gether: 

A. an organic polyisocyanate; and 
B. from about 10 to about 120 parts by Weight per 

equivalent of said polyisocyanate of a blend com 
prising: 
(a) about 2 to about 20 percent by weight of a 

polyisocyanate trimerization catalyst, and 
(b) about 80 to about 98 percent by weight of a 

mixture comprising: 
1. about 20 to about 80 percent by weight of a 

fluorocarbon blowing agent, and 
2. about 20 to about 80 percent by weight of a 

polyol component comprising an amide diol 
or mixture of amide diols having the formula. 

R1 

0 (caztlciioyx-a 
R-LN 

(ciizciimyn 

t. 
wherein R is an aliphatic radical having from 7 
to 17 carbon atoms, inclusive, each R1 is inde 
pendently selected from the group consisting 
of hydrogen and methyl, x and y each inde 
pendently have an average value from about 1 
vto about 3 inclusive; and 

provided the total hydroxyl equivalents present in said 
blend (B) are within a range of from about 0.05 to about 
0.5 equivalent per equivalent of said polyisocyanate. 

14. In a process for the preparation of a cellular poly 
mer in which the major recurring polymer unit is an 
isocyanurate moiety said process comprising the trimer~ 
ization of an organic polyisocyanate in the presence of 
a minor amount of a polyol, a blowing agent, and a 
trimerization catalysththe improvement which com 
prises preparing said cellular polymer by bringing to 
gether: v T 

A. an organic polyisocyanate; and 
B. from about 10 to‘ about 120 parts by weight per 

equivalent of said polyisocyanate of a miscible 
blend comprising: 
(a) about 2 to about 20 percent by weight of a 

polyisocyanate trimerization catalyst, and 
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(b) about 80 to about 98 percent by weight of a 
mixture comprising: 
1. at least about 20 percent by weight of a ?uoro 
carbon blowing agent, and 

2. the balance being a polyol mixture according 
to claim 4; and 

provided the total hydroxyl equivalents present in said 
blend (B) are within a range of from about 0.05 to about 
0.5 equivalent per equivalent of said polyisocyanate. 

15. A process according to claim 14 wherein said 
polyisocyanate is a polymethylene polyphenyl polyiso 
cyanate. _ 

16. A process according to claim 14 wherein said 
polyol (ii) is a primary hydroxyl diol and has a molecu~ 
lar weight of from about 60 to about 800. 

17. A process for the preparation of a cellular poly 
mer in which the major recurring polymer unit is an 
isocyanurate moiety said process comprising bringing 
together: 
A. a polymethylene polyphenyl polyisocyanate; and 
B. vfrom about 10 to about 120 parts by weight per 

equivalent of said polyisocyanate of a miscible 
blend comprising: 
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(a) about 2 to about 20 percent by weight of a 

polyisocyanate trimerization catalyst, and 
(b) about 80 to about 98 percent by weight of a 

mixture comprising: 
i. at least about 20 percent by weight of a ?uoro 
carbon blowing agent, and 

2. the balance being a polyol mixture according 
to claim 7; 

provided the total hydroxyl equivalents present in said 
blend (B) are within a range of from about 0.05 to about 
0.5 equivalent per equivalent of said polyisocyanate. 

18. A process according to claim 17 wherein the 
primary hydroxyl diol (ii) is diethylene glycol. 

19. A process according to claim 17 wherein the 
primary hydroxyl diol (ii) is a polyoxydiethylene adi 
pate glutarate polyester diol having a molecular weight 
from about 400 to about 600. 

20. A process according to claim 17 wherein the 
primary hydroxyl diol (ii) comprises a mixture of from 
about 30 percent to about 50 percent by weight of dieth 
ylene glycol and from about 50 percent to about 70 
percent by weight of a polyoxydiethylene adipate gluta 
rate polyester diol having a molecular weight from 
about 400 to about 600. 

it 
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